The symptomatic and structural efficacy of intra-articular (IA) injections is reviewed. IA corticosteroid injections are rapidly effective, but their symptomatic benefit is short lived. Hyaluronan has delayed onset of efficacy but its benefit for pain may be longer lasting. Lavage and debridement are probably not as efficacious as once thought in osteoarthritis. ntra-articular (IA) treatments for osteoarthritis (OA) have become standard because of their symptomatic effect. We examine whether some of them may have a structural effecteither deleterious as has been proposed for repeated corticosteroid injections, or beneficial as has been proposed for hyaluronan acid injections.
We also examine the symptomatic effects of the main IA treatments and ask, ''Do they work?'', ''When does the effect start and how long is it maintained?'', and ''Are there known predisposing factors of efficacy?''.
Owing to lack of space, the techniques and risks of IA treatments are not discussed.
SYMPTOMATIC EFFECTS OF IA TREATMENTS
Intra-articular corticosteroid treatment in OA Intra-articular steroids are recommended in several guidelines for the management of patients with peripheral joint OA. 1 2 They are widely used; a survey of rheumatologists in the United States suggested that more than 95% use them at least sometimes and 53% frequently. 3 Level of evidence of symptomatic efficacy Table 1 summarises the evidence for the efficacy of IA steroids in OA, which is mostly confined to the knee. 4 5 Kirwan and Rankin reviewed 10 clinical trials, and found that the IA injection of glucocorticoids into the knee (one trial used four injections, the others used single injections) provided some additional pain relief compared with placebo treatment. 17 However, there were no significant differences between treatment groups after more than 1 week of follow up. Ayral reviewed eight clinical trials published before October 2001, assessing IA steroids versus placebo. 5 Except for the two earliest studies, patients received a single corticosteroid injection. The steroids studied were hydrocortisone, prednisolone, triamcinolone hexacetonide, methylprednisolone, and cortivazol. These drugs have not been compared with one another. The clinical assessment of efficacy was pain relief, and there was conclusive evidence that IA steroid injections are effective, but that their benefit over placebo may be relatively short lived, lasting only from 1 to 4 weeks. Finally, a third article reviewed controlled studies of treatments in knee OA published before 1995 (n = 5).
18 When a quality rating system was used, critical analysis showed that none of the studies achieved a score for design of more than 3 out of a possible 8. The review concluded that IA steroids were better than placebo in short term efficacy (,1 month). Very recently, Raynauld et al evaluated repeated IA steroid injections in 68 patients with OA. 16 Patients received IA triamcinolone hexacetonide 40 mg (34 patients) or saline (34 patients) in the target knee every 3 months for up to 2 years. The knees injected with steroid showed only a trend towards greater symptom improvement at 1 year for the WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index) pain subscale, night pain, and range of motion. Area under the curve analyses were used to show that knee pain and stiffness were significantly improved throughout the 2 year study by the steroid injections.
To conclude, evidence of the efficacy of IA steroids in OA is based on somewhat contradictory data and results are difficult to interpret, in particular because of a powerful response to placebo. In one study, for example, both placebo and treated groups showed a significant decrease in pain from week 1 to the final assessment at week 8. 9 The effect of simple aspiration of the joint (a procedure coupled with IA steroid injections in all studies) is unknown.
''The efficacy of IA steroids is difficult to determine because patients also respond well to placebo'' Data on joints outside the knee are limited. Small studies have indicated efficacy in rhizarthrosis (trapezometacarpal joint). A prospective, open study of hip IA steroid and local anaesthetic injection (80 mg methylprednisolone and 4 ml 1% lignocaine) in 45 patients, 27 of whom had OA, found a significant reduction in pain at 2 and 12 weeks, although the effect was lost by 26 weeks. Time to onset of efficacy and carryover effect Onset of efficacy is rapid: 24-48 hours. Maximal efficacy is reached in less than 1 week but lasts only from 1 to 4 weeks.
Predisposing factors of response
There is some discordance between the modest and short lived benefits over placebo seen in controlled studies and the clinical experience of most rheumatologists that some patients achieve a significant and sustained response. Is it possible to predict those subjects who will respond?
The presence of effusion, whether detected clinically or by ability to aspirate fluid at the time of injection, has been reported by Gaffney et al in a single blind trial (n = 84) to predict greater benefit from steroids. 13 One trial in 147 patients with rheumatoid arthritis found a significantly reduced relapse in the group treated with complete synovial fluid aspiration before triamcinolone hexacetonide injection compared with the group without aspiration. 20 A reason why joint effusion may correlate with better response to IA steroids might be simply a truly IA injection: Jones et al reported in a contrast radiography study that one third of knee injections were extra-articular or uncertain and that aspiration of synovial fluid was associated with improved accuracy. 21 By contrast an analysis by Jones and Doherty, examining a range of factors including function, psychosocial and disease related features using logistic regression, failed to relate patient response to IA steroids to any of the baseline variables, including the presence of a joint effusion. 14 However, in that study, a significant predictor might have been missed owing to the small sample size (only 59 patients with knee OA were included). Friedman and Moore also found that the efficacy of steroids was not related to the presence or absence of knee effusion. There is limited evidence that the presence of hydarthrodial effusion is a predisposing factor for a better response to the IA injection of steroids. However, in our opinion, knee effusion may reflect the presence of inflammatory synovitis, justifying the IA injection of steroids.
Radiographic severity, duration of symptoms, 13 presence of crystals, and raised synovial fluid cell count 9 do not predict response in the knee joint. At the hip, it has been suggested that patients with an atrophic pattern respond less well than those with a hypertrophic or mixed type pattern. 19 Hyaluronic acid injections Viscosupplementation refers to the IA injection of hyaluronic acid (HA), a high molecular weight polysaccharide which is a major component of synovial fluid and cartilage, in order to relieve pain and improve function. In OA, the molecular weight and concentration of HA are diminished. The concept of viscosupplementation is based on the hypothesis that IA injections of HA could help restore the viscoelasticity of the synovial fluid and promote the endogenous synthesis of a higher molecular weight and possibly more functional hyaluronan, thereby improving mobility and articular function, and reducing pain. Several HA preparations are currently available, in two categories: low molecular weight (0.5-2 MDa) and high molecular weight (crosslinked HA, 6-7 MDa).
Level of evidence of symptomatic efficacy

Hyaluronan versus placebo
Published reports include three systematic reviews and one additional randomised controlled trial (RCT) comparing hyaluronan preparations with placebo. 5 17 18 Most studies in humans have been carried out in patients with knee OA. The first review identified 10 RCTs of hyaluronan in the knee joint and found slightly greater benefit versus placebo for 1 to 6 months after treatment. 17 The second review (nine RCTs) concluded that biological agents were better than placebo and well tolerated over a mean follow up of 48 weeks. 18 The third review evaluated separately the different hyaluronan preparations. 5 Hyalgan was found to be more effective than placebo for pain in eight of nine RCTs, but also for function in three RCTs, and for reducing the need for IA steroid injections in a 1 year trial. The three RCTs assessing Synvisc also found that IA steroid injections were better than placebo. The results for the efficacy of Artz compared with placebo are more contrasted. Since publication of the previous reviews, one further RCT by Brandt et al has evaluated Orthovisc compared with physiological saline in 226 patients 22 and concluded that Orthovisc was well tolerated and more effective than control in patients with a mild to moderate pain at baseline.
Hyaluronan versus corticosteroid injections
In a systematic review comparing Hyalgan with various steroids, Ayral found five RCTs reporting similar benefits of HA and steroids at one month, but with superiority of Hyalgan after a few months. 5 
Hyaluronan versus non-steroidal anti-inflammatory drugs (NSAIDs)
Three RCTs (reviewed by Ayral 5 ) comparing hyaluronan with NSAIDs found that the benefit obtained with hyaluronan was similar to that of NSAIDs for pain, and with fewer gastrointestinal adverse effects.
Joints other than the knee
Three studies, one evaluating IA HA in the shoulder and two in the hip, have reported efficacy on symptoms and duration of improvement comparable with that described in the knee. [23] [24] [25] Time to onset of efficacy and carryover effect Most studies agree that onset of efficacy is delayed by 2-5 weeks, the plateau of efficacy is reached in 1-2 months, and efficacy is maintained for 4-12 months.
Predisposing factors of response
Clinical predictive factors of hyaluronan efficacy have not been specifically evaluated in prospective clinical trials. In a subgroup analysis of a Hyalgan study, Altman and Moskowitz found that neither age nor level of pain were associated with the level of response to HA. 26 A Canadian retrospective study of 336 patients with knee OA found that the efficacy of Hylan GF-20 was reduced in patients with effusion before the first Hylan injection, in that percentages of ''better'' patients were the same (70%), but more patients were ''much worse'' (7.3% v 1.1% without initial effusion). 27 Radiographic predictive factors of hyaluronan efficacy have been evaluated in one prospective clinical trial, indicating that clinical improvement after IA viscosupplementation (in pain, stiffness, WOMAC, and overall improvement) was only significant for those patients presenting only minor loss of medial and lateral joint space. 28 Arthroscopic lavage and surgery In theory, lavage of the joint (through a large needle or by arthroscopy) removes debris such as microscopic or macroscopic fragments of cartilage or calcium phosphate crystals that may induce synovitis, a likely source of pain. Tidal irrigation is a similar process but using only one entry site.
Arthroscopic debridement consists of smoothing rough, fibrillated articular and meniscal surfaces, shaving tibialspine osteophytes that interfere with the motion of the joint, and removing inflamed synovium. A study showed that needle lavage is comparable with arthroscopic debridement with lavage, except in patients with meniscal tears. 29 
Level of evidence of symptomatic efficacy
In RCTs without sham treatment in the control group, those who underwent lavage reported greater improvement in knee pain than those who received usual medical management alone. 30 However, possibly, the benefits were due to placebo effect. Three trials in which needles were inserted into control knees evaluated lavage. One compared lavage with a large or small volume of saline: the authors reported no significant improvement in pain in either group. 31 The second trial by Ravaud et al compared joint lavage, IA steroid injection, and IA placebo, alone and in combination, in patients with symptomatic knee OA. 15 Compared with placebo, both treatments significantly relieved pain: cortivazol provided short term relief (up to week 4), and lavage provided persistent relief (up to week 24). Neither treatment improved functional impairment. An additive effect of lavage and IA steroid injection was observed. The third publication, a recent double blind trial by Bradley et al, compared the effectiveness of lavage (1 litre) with a sham irrigation procedure on 180 subjects, with a 12 month follow up. 32 Although the study groups were otherwise comparable, the baseline WOMAC pain and physical functioning scores were higher (worse) in the placebo group. After adjustment for baseline, no differences between the effects of lavage and sham irrigation were found.
The efficacy of arthroscopy is not much better documented. Recently, Moseley et al reported a randomised, placebo controlled, double blind trial of arthroscopy in OA of the knee. 33 Patients with OA of the knee (n = 180) were randomly assigned to receive arthroscopic debridement, arthroscopic lavage (10 litres of fluid), or placebo surgery (consisting of skin incisions and a simulated debridement without insertion of the arthroscope). Outcomes (three scales for pain, two for function, and one objective test of walking and stair climbing) were evaluated at multiple points over 24 months. At no point did either of the intervention groups report less pain or better function than the placebo group.
Time to onset of efficacy and carryover effect Onset of efficacy is rapid: less than 1 week. In those trials showing a positive effect of lavage or arthroscopy, efficacy is maintained for up to 6 months.
Predisposing factors of response
For lavage, patient selection may have a significant effect on the response. Those patients with evidence of calcium pyrophosphate deposition disease have variously been described as being either more or less responsive to joint irrigation. 31 34 35 High degrees of radiographic severity of OA have been associated with a poorer response to lavage, 30 and a larger volume of removed debris has been associated with better response. 36 For the subgroup of knees with loose bodies or flaps of meniscus or cartilage that are causing mechanical symptoms, especially locking, catching, or the joint to give way, there is a consensus that arthroscopic removal of these unstable tissues improves joint function and alleviates symptoms. On the other hand, meniscal tears are extremely prevalent in knees with OA, and their relation to knee pain is questionable at best. In joints without specific mechanical symptoms, repairing stable meniscal tears is probably not indicated.
Other IA treatments
Synoviorthesis
Radioactive injections (isotope synoviorthesis) and osmic acid (chemical synoviorthesis) have been used for many years in inflammatory diseases. Their place is probably limited in OA, and there are no RCTs evaluating them in this indication. One open study reported results for 54 patients (76 knees treated with yttrium-90 and 16 with osmic acid). 37 At 6 months 22-34% of results were satisfactory or very satisfactory.
Experimental treatments
IA methotrexate or rifampicin
One study of 82 patients compared 20 mg IA triamcinolone hexacetonide alone with its combination with 50 mg IA methotrexate or 600 mg IA rifampicin. 38 Pain (as measured by area under the curve and duration of improved pain scores) was significantly better in the triamcinolone+rifam-picin group, but 11 of those 28 patients developed a flare of pain after injection.
IA anti-tumour necrosis factor or interleukin 1 inhibitor injections
Studies are being conducted in these fields in inflammatory diseases but are still very experimental.
STRUCTURAL EFFECTS OF IA TREATMENTS
Intra-articular corticosteroids The effect of steroids on cartilage metabolism and progression of OA has been studied in a number of animal models, with conflicting results. In some models a chondroprotective effect was found, but others showed a possibly deleterious effect on cartilage. In a recent placebo controlled trial of repeated IA steroid injections every 3 months for up to 2 years, the primary outcome variable was radiological progression of joint space narrowing. 16 After 2 years, no difference in loss of joint space over time was noted between the steroid and the placebo groups. Thus, no deleterious effects of the long term administration of IA steroids on the anatomical structure of the knee were noted.
Overall, there is little evidence of a deleterious effect on cartilage, and reports of a Charcot-like accelerated joint destruction after steroid injection in human hip OA may reflect the disease itself rather than the treatment. Any effect on bone metabolism, as judged by biochemical markers, appears to be transient and mild. 39 As for in vivo and in vitro animal models, which suggest a possible disease modifying effect, they must be viewed with caution because of the limitations of comparing animals with humans, and inflammatory and non-inflammatory disease.
Hyaluronic acid injections
Potential structure modifying effects of HA in OA have been suggested in animal models, but with conflicting results. 40 Limited studies in humans have been performed. Listrat et al reported in a pilot controlled, randomised study of 36 patients with knee medial OA that those who received three series of three Hyalgan injections at 3 month intervals showed less progression of the disease 1 year later, as judged by arthroscopy, than controls who received conventional treatment but no hyaluronan injections. 41 The HA group also scored higher for quality of life and reduced their use of NSAIDs during the study period. However, the patient numbers were small. Recently, 408 patients assigned randomly to receive three courses of three IA injections of Hyalgan or placebo were evaluated radiologically after one year. 42 Analysis showed no difference in medial femorotibial joint space width narrowing between the two groups in the entire population, but among the patients with less severe disease (baseline joint space width >4.6 mm), the subgroup treated with Hyalgan showed significantly less narrowing.
CONCLUSION
Intra-articular corticosteroids Intra-articular corticosteroids are a fast acting symptomatic drug in OA. There is evidence that they do not induce long term deleterious effects on cartilage. Owing to the short lived effect on pain of IA steroids (1-4 weeks), the frequent need for repeated injections limits the usefulness of this agent in long term management of OA. Thus, their use should be logically focused on short term treatment of disease flaresthat is, exacerbation of pain, nocturnal pain, and effusion.
Hyaluronan
Hyaluronan acts as a symptomatic slow acting drug with a delayed onset of efficacy of 2-5 weeks and a long lived benefit (4-12 months) on pain and function. To date there are insufficient data to support the hypothesis that hyaluronan might be a structure modifying agent. Hyaluronan treatment seems particularly indicated in painful knee OA, radiologically moderate, with no or mild effusion.
The planned formal meta-analysis of both IA corticosteroids and viscosupplementation for knee OA by the Cochrane Collaboration will clarify the level of evidence supporting the symptomatic efficacy of these IA treatments.
Lavage and debridement
For most patients with knee OA, lavage and debridement are probably not as efficient a treatment as once was hoped. The exact place of lavage in knee OA remains to be established; we reserve arthroscopy for patients who present specific mechanical symptoms related to unstable meniscus flaps.
Up to now, IA treatments in OA were prescribed for their symptomatic efficacy-that is, these treatments were performed on patients with painful knees. If the structural effects of IA treatments are demonstrated, the aim will then be to treat preventively asymptomatic patients. That decision will certainly be much harder to take and will have to be discussed with the patient after clear information is given about the objectives and available means.
